Introduction
The experience gained by military surgeons in the Peninsular war proved invaluable to Wellington's success in the Waterloo campaign. The medical department, led by Dr James McGrigor, was mentioned in despatches for the first time after the costly siege of Badajoz in 1812 1 • McGrigor was renowned for promoting local care of the sick and injured in regimental hospitals so that they might be returned to their unit when fit. He promoted efficient transport and evacuation of wounded soldiers to base hospitals and carefully documented monthly returns of sick and wounded men, thus keeping his commander-inchief up to date with the health of his fighting force.
James McGrigor was appointed Director General of the Army Medical Department a short time before Waterloo and was not present in Belgium during the campaign". The Waterloo conflict (fought 15-18 June 1815) was a relatively fast-moving campaign, with Bonaparte assembling a veteran Armee du Nord of five army corps (including 20000 Imperial Guard), numbering approximately 115000 men. He crossed the river Sambre and planned to drive a wedge between the polyglot Anglo-Dutch Belgian force (95000 men commanded by the Duke of Wellington) and the Prussians (116000men commanded by Prince Marshal Blucher). Bonaparte's optimistic aims were not achieved and, following the battles of Ligny, Quatre Bras, Wavre and Waterloo, he was finally defeated. This battle resulted in approximately 65000 casualties (approximately 47000 at Waterloo).
The Army Medical Department The Army Medical Department contributed headquarters and hospital staff in addition to regimental and ordnance medical officers. Dr James Grant, as Inspector General of Hospitals, was appointed principal medical officer with his headquarters at Brussels. Here Belgian medical staff and large buildings were prepared to receive the injured". Fifty-two staff surgeons and physicians had been distributed among the general hospitals at Brussels, Ostend, Anvers, Ghent and Bruges. Some of these staff surgeons accompanied Wellington's headquarters and others acted as divisional and corps medical officers. The distribution of the medical staff at Waterloo is shown in Figure 1 .
Regimental medical staff
Not all regimental surgeons at Waterloo were veterans of the Peninsular or American campaigns as some had dispersed to civilian practice or on half pay. In theory each battalion (approximately 600 men) was allocated one regimental surgeon and two assistant surgeons. In fact, of 40 battalions, only 22 had this complement", The 28th of foot (557 officers and men) had 253 casualties at Waterloo and Quatre Bras and had one assistant surgeon.
Assistant surgeons were unqualified apprentices whose reputation was not of the highest order and who were frequently inexperienced, particularly in the face of battle. Regimental surgeons would normally work in groups in battalion aid posts which were often in gunshot range of the battle. These aid posts were usually local farm buildings or houses to which the injured might be transported by friends or volunteers. Assistant regimental surgeons (sometimes helped by officers, NCOs and bandsmen) would be expected to help with the dressings, splintage and application of tourniquets for the wounded on DR JAMES GRANT MD-PRINCIPAL MEDICAL OFFICER (PMO)
• Personal Physician to Lord Wellington • PMO -1st Army Corps site. Although the quality of medical care was the responsibility of the Army Medical Department, discipline and movement of regimental medical officers (RMOs) were the responsibility ofthe Regimental Commanding Officer. The RMOs moved with the battalion and left the more seriously wounded and sick of their regiment in general or civilian hospitals. Staff surgeons would assist RMOs working at designated aid posts when they were not attending to the wounds of higher ranking officers. There were 36 RMOs and 69 assistant surgeons taking part in the action ofJune 1815.The ordnance had its own medical staff consisting of 4 RMOs and 13 assistant surgeons.
A battalion was supplied with one sprung cart containing dressings, medications, blankets and 12 stretcher beds. A regimental hospital might be expected to provide care for about 60 men. Each surgeon would carry his own set of boxed instruments. The pay of an RMO was about ten shillings a day and in seniority he ranked junior to the youngest ensign of the regiment.
Mechanism of injury
Apart from three defended farms (Hougomont, La Haye Sainte and Papillote), the battle was fought in open undulating farm land, with little cover for the troops, except gentle slopes and occasional sunken roads. Artillery fire and mass troop deployments were facilitated on this landscape. In the main, three modes of injury were inflicted: (1) Heavy blunt macerating or avulsing wounds caused by 6, 9 or 12lb roundshot, lethal even after ricochet. A 9lb ball was capable of killing a dozen men or more in line. Fortunately, the ground was wet on 18 June and this probably prevented many roundshot ricochet injuries. (2) Injuries were inflicted by low velocity lead musket or pistol ball which frequently fragmented or deformed on contact with solid objects such as bone. Single or double-loaded cannister, that is to say multiple small round iron missiles, proved especially effective against mass infantry and cavalry. Figure 2 ).
The wounds
Head and neck Musket ball and chopping injuries were commonly described in the head and neck and compound skull injuries were frequent. Portions of avulsed or impacted bone were removed and this was often assisted by trephining. Scalp soft tissue flaps were usually replaced after removal of fragments of skull or missiles. Epilepsy, meningitis ( Figure 3 ) and cerebral abscess were described by surgeons Thompson and Bell. Contralateral paralysis and sensory impairment were recognized but ill understood. Anosmia, blindness and other cranial nerve injuries from musket ball and bayonet wounds were documented. Primary and secondary haemorrhage from great vessels in the neck were described and air embolism suspected in some fatal neck wounds".
The torso
Penetration of the thorax by ball and pointed weapons resulted in open, contaminated sucking wounds or pneumothorax. Subsequent sepsis was treated in closed chest wounds by insertion of drainage tubes or stents. Glancing injuries of the torso could produce rib fractures and spinal injury, and later onset of dyspnoea was thought to be due to the passage of electricity from the passing ball. We would obviously now recognize this as intrapulmonary haematoma and/or adult respiratory distress syndrome. Guthrie, in the Peninsular war, had recommended primary closure of open chest wounds by suture to reduce respiratory distress. Abdominal wounds were frequently fatal and laparotomy was not deemed advisable. Ifevisceration had occurred and the organ was not damaged, it was replaced and the wound closed with suture or tape. If the bowel was damaged or divided, it was sutured to the skin to prevent subsequent retraction and contamination of the peritoneal cavity. Many varieties of urinary and intestinal fistula and also visceral injuries were described by Thompson". One soldier passed a musket ball uneventfully per rectum, after it had passed through his abdominal wall! Many instances of ball tracking under the skin in the parieties occurred, the missiles often being retrieved from a site distant to their entry, Gastric and bladder catheterization were described for fistula or feeding but were apparently very unpopular with the soldiers.
The limbs
Avulsion, chopping, or penetrating injuries of the limbs produced the majority of work for the surgeons, since trunk or head injuries were often fatal. Survival of men with severe limb injuries untreated for a while was not uncommon. A horse artillery gunner walked several miles before exsanguinating by the roadside from bilateral above-elbow amputations from a roundshot fired from his own cannon. Sergeant Tuttemeier rode upright on a horse 12 miles to Brussels after avulsion of his left arm at the shoulder. When he reached the city he collapsed and remained unconscious for half an hour. Amputation, probing and dilating of wounds were initially performed at regimental aid posts. Drainage of abscesses and secondary amputation and further management of wounds were carried out at base hospitals in Brussels etc.
Approximately 500 amputations were carried out during the period of battle. The amputation rate following limb injury was generally quoted at about 12%. French military surgeons tended to be more conservative with amputation, while British surgeons had the reputation of being too hasty in their indications for limb ablation. Primary amputation had a mortality of about 30% and secondary amputation, especially more proximally performed the lower limb, was attended by a higher rate (approximately 45%). Guthrie achieved .the first disarticulation ofthe hip by a British surgeon following the battle of Waterloo.
Amputation was generally advocated for severe macerating soft tissue disruption, vascular damage, joint injury, and of course, later, sepsis. The last occurred commonly in the form of hospital gangrene, which we know as anaerobic sepsis. Epidemics of hospital gangrene were not uncommon. carried from one soldier to another by surgeon's mates, assistant surgeons and orderlies. Such epidemics were encouraged by inadequate isolation of infected wounded soldiers. Amputation was usually performed by the guillotine method, leaving a rim of skin and subcutaneous tissues which were sutured or taped together. Arterial ligatures of silk or waxed linen were left long and protruding from the wound so that they could be removed later to prevent secondary haemorrhage from sepsis 7 • Speed of operation varied from several minutes to quarter of an hour, depending on the skill and experience of the surgeon. According to amputees, the most painful part of the operation -which was often performed with minimal or no analgesiawas the skin incision and the taking up of the artery, which often included perivascular tissues and was described as a 'powerful burning sensation'. Frequently, supplies of tincture of opium and alcohol were exhausted, and surgeons commented on the fortitude of patients undergoing surgery. The Marquis of Anglesey, a famous amputee in this action, commented on the bluntness of his surgeon's knife after his above-knee amputation. Lord Fitzroy Somerset called for his arm to be brought back after amputation, as he had forgotten to remove a signet ring.
Other surgical procedures
Other procedures consisted of the removal of foreign bodies from wounds, but formal debridement as we know it today did not seem to be practised. Probing and dilating wounds to assist in drainage and the removal of foreign bodies such as musket balls, and of fragments of bone, were widely performed; it was noted to be easier and less painful the earlier these manoevures were carried out after injury, when a certain numbness was present in the tissues and before oedema, swelling and sepsis followed 8 • Abscesses and empyemas were drained and slough and eschar Table 2 . Dispersal ofsurviving wounded, April 1816 be prescribed. During convalescence warm baths were recommended for tenesmus, and the prescription of bitters as a tonic, in addition to warm clothing and flannel wrapped around the abdomen.
Hospital gangrene was treated with emetics (antimonials), magnesium sulphate, bark, opium and wine and local applications of caustics or poultices soaked in opium or oil of camphor. Some cases of tetanus were observed and recorded by various authors and there were 2 recorded survivors.
Dispersal of the wounded and sick
After the battle, the majority of the wounded were taken to five larger base hospitals in Brussels and some were dispersed to other established hospitals at Bruges, Antwerp, Ghent and Ostend. Ultimately, the survivors travelled in barge or wheeled transport to the channel ports for evacuation to military and naval hospitals in England. Table 2 shows the outcome in the surviving British wounded, at April 1816.
The French military surgical services were widely acclaimed as being efficient in performing rapid onsite surgery, casualty clearance and having well organized regimental and brigade hospitals. However, inevitably these services were not fully tested at Waterloo.
Transport and care ofthe injured Rapid evacuation of the wounded from the site of injury was difficult as the fighting was often dense and the British had no efficient stretcher-bearing unit. Wellington noted after the battle that 1875men had been missing from various units during the action and had not been accounted for as dead or wounded, and these were probably men helping comrades to aid posts. Once out of the regimental aid posts, the evacuation of the wounded was again hampered as the main road to the village of Waterloo and to Brussels was choked with troops, supplies and refugees. Sprung carts were scarce and only the French had a well organized field surgery and ambulance service-the renowned 'ambulance volante' of Barons Percy and Larrey". Wounded men were collected days and occasionally weeks after injury from various houses and outbuildings, and often men were left injured on the field of battle for several days. After the news of the victory at Waterloo was announced in Britain, civilian surgeons arrived to help treat the wounded. Among these were Charles Bell, Thompson and Guthrie. Thompson has left us with vivid anecdotal accounts of the wounded and their management. Charles Bell drew immaculate and lifelike sketches from which he later produced 13 coloured lithographs of some of the wounded he treated after Waterloo. Rejoined unit Remaining in hospital Discharged Service Amputees Joined Veteran Battalion Total removed by cautery, or escharotics such as mineral acids, or caustic potash.
Trephining was not performed for the release of intracerebral haematoma, but to facilitate elevation and removal of difficult bone fragments in the skull or to retrieve foreign bodies in compound skull injury. Wounds were often closed in Bri tish medical practice with adhesive tape or sutures, the latter being usually waxed linen or twisted gut. Surgical needles were usually curved or 'J' shaped and trochar pointed. Another interesting method of wound closure was the insertion of pins at right angles across wound edges and then the two ends lassoed together with figure-of-8Iigatures.
The French army medical service was less committed to primary closure of contaminated wounds and the surgeons would often pack open wounds with charpie or lint soaked in oil. Dressings were often moist to cool the inflamed parts and they might be soaked in water, or oil of turpentine, vinegar or tincture of myrrh.
Splintage was rudimentary and crude: long, straight, wooden splints were described at the time of Waterloo, but often pieces of tin, whalebone or even bundles of straw were used. Roller bandages sometimes helped to keep fractured limbs in position. Undoubtedly, this inefficient splintage meant frequent and painful manipulation offractures. In general, the mortality of surgery at this time performed on wounded men was in the order of9%.
Medical treatment Non-surgical treatment was poorly standardized and many variations of drug therapy, venesection, emesis, purgation and dietary manipulation were employed. Anti-phlogistic (anti-inflammatory) regimens were used in wounded and infected cases alike, and specific and general measures were employed to combat infection. Purgatives (e.g. senna, calomel or magnesium sulphate) and emetics (emetic oftartar or Ipecacuanha co.) were recommended in various combinations. Venesection was liberally employed intermittently during the course of the illness, with 15 to 30 fluid ounces being drawn on each occasion and sometimes repeated at 2-3 day intervals. No doubt this particular manoeuvre contributed to the demise of many potential survivors: for example, Colonel William DeLancey (ADC to the Commander-in-Chief), after receiving a roundshot injury to his back, was frequently bled before he died peacefully and poignantly in the presence of his new young wife two weeks after the battle. General measures included the exclusion of a rich diet, and such items as wine, fruit and meat were discouraged. Simple food such as rice, gruel, bread, barley water and tea were prescribed. These measures were recommended in many other febrile conditions. Dysentery, typhoid, malaria, venereal disease and seasonal viral infections would often affect and immobilize 20-30% of Wellington's fighting force. In the treatment of febrile conditions (in particular intermittent fever or malaria) quinine in the form of Peruvian bark i-I ounce six hourly was prescribed.
In addition to this, venesection, mercurial skin massage and purgation might be employed. A similar regimen would be used in the treatment of dysentery and in addition pulv. Ipecacuanha, 12 grains hourly for three doses, and tincture of opium (1 grain) might There were many anecdotal injuries recorded at Waterloo but perhaps the word of Dr Haddy James! 0, assistant surgeon to the first Life Guards, gives us some idea of the fortitude and suffering of the wounded:
'Our work behind the lines was grim in the extreme and continued far into the night. It was all too horrible to commit to paper but this I will say, that the silent heroism of the greater part of the sufferers was a thing I shall not forget. When one considers the hasty surgery performed on such an occasion, the awful sights the men are witness to, knowing that their turn on the blood soaked operating table is next, seeing the agony of an amputation, however swiftly performed, and the longer torture of a probing, then one realises fully of what our soldiers are made. Ones mind shrinks at imagining the sufferings they must have endured on that jolting ride or that weary tramp, and then only to face in so many cases the pain and disgust of a spreading gangrene. Those who regained their native shores indeed deserved the prayers and the ovation of the population'.
Conclusion
The Waterloo campaign, an undoubted close-run military success, was attended by a high density of casualties whose numbers overcame the quota of experienced medical officers available. Efficient evacuation was difficult and painful. Many soldiers perished for lack of good basic first aid, excessive venesection and ultimate sepsis. The expert civilian surgical help arrived too late and was haphazardly organized.
